The discussion on the effects of climate change on human activity has primarily focused on how increasing temperature levels can impair human health. However, less attention has been paid to the effect of increased climate variability on health. We investigate how in utero exposure to temperature variability, measured as the fluctuations relative to the historical local temperature mean, affects birth outcomes in the Andean region. Our results suggest that exposure to a temperate one standard deviation relative to the municipality's long-term temperature mean during pregnancy reduces birth weight by 20 g. and increases the probability a child is born with low birth weight by a 0.7 percentage point. We also explore potential channels driving our results and find some evidence that increased temperature variability can lead to a decrease in health care and increased food insecurity during pregnancy.
Introduction
The debate concerning the effects of climate change on human activity has intensified in recent years. It is well recognized that climate change has increased global temperatures over the past few decades, but only recently have meteorologists explored whether temperature variability À fluctuations over the long-term local temperature mean À has also increased over time (Thompson et al., 2013; Thornton et al. 2014; Wang and Dillon, 2014) . These enquiries, though, are in their very early stages and an accurate picture of how temperature variability can affect human activity remains unclear.
Despite this lack of research, institutions all over the world are becoming more interested in the potential effects of temperature variability on health. A particular awareness of this topic has been raised for developing countries where the use of adaptation technologies, such as air conditioning or heating, is not widespread. For instance, the European Research Framework Programme states that exploring these effects "[ . . . ] is particularly important for low income countries, where the influence of climate variability on health is widely recognized and where economic development is severely affected by disease in humans and animals."
Aside from this discussion, there is growing evidence that climate change is contributing to the prevalence of disease, especially among vulnerable populations. A recent report from the World Health Organization (WHO) posits that "health and other impacts [of climate change] may fall disproportionately on women, children, people with disabilities, and elderly people" (WHO, 2014 resources aimed at preventing and treating climate change induced diseases. A more accurate assessment of such impacts could improve the reliability of predictions of future health burdens caused by climate change, which would allow health stakeholders to make cost-effective decisions regarding long-term health policies. In this paper, we attempt to understand how temperature variability can affect fetal health. An ample body of literature documents that health at birth is an important determinant of physical development at early stages of life, as well as scholastic achievement, completed years of education, IQ, and labor market outcomes.
2 Recent evidence indicates that fetal health is impaired by a longer exposure to high temperature levels during pregnancy (Deschênes et al., 2009 ), yet little is known about how temperature variability can affect health condition at birth. We focused on three countries in the Andean region: Bolivia, Colombia, and Peru. Focusing on the Andean region offers at least three advantages for empirical research. First, this region is characterized by a wide range of micro-climates and geographical features making some localities more likely than others to be affected by climate change. Second, these are developing countries and estimates arising from such countries are less likely to be affected by the use of adaptation technologies. Finally, the Andean region is one of the regions that experts have predicted will be most affected by climate change in the future, (Brooks and Adger, 2003; Kreft et al., 2014) ; this makes it particularly important to estimate the effects of climate change on fetal health there.
To study how changes in temperature variability affect fetal health, we construct a novel link between databases of historical global temperatures and health conditions at birth. In particular, we combine global geo-referenced (gridded) monthly temperatures at a resolution of 0.5 Â 0.5 (each degree corresponds to approximately 56 km at the equator) over the period 1900-2010 with indicators for neo-natal health from the Demographic and Health Surveys. This information allows for exploring whether and how random (unpredicted) variation in the air temperature during pregnancy affects a range of birth outcomes including birth weight, size at birth, amid others.
Exploiting inter-annual variation in temperature levels within municipalities and seasons of the year, we estimate that a one standard deviation increase in temperature relative to the longterm local temperature mean reduces birth weight by 20 g. and increases the probability a baby is born with low birth weight by a 0.7 percentage point, which represents a 10% reduction from the baseline prevalence of 7%. These results are mainly driven by an increased temperature variability observed during the first trimester of pregnancy. In particular, we find that a 1.5 standard deviation above the historical local temperature mean during months 6-8 before birth reduces birth weight by 42.5 g.
We also find some evidence indicating that these results might be explained by problems associated with food security and health care during pregnancy that intensify with temperature variability. In fact, our results indicate that health condition at birth is more affected in municipalities that are less exposed to agricultural activities. Our results also indicate that an increase in temperature variability reduces the probability of medical assistance at childbirth. Yet, whether these effects are driven by the demand or supply side of health care remains unclear.
The paper proceeds as follows. In Section 2, we describe the empirical evidence about the effects of climate change on fetal health and briefly discuss how temperature variability has changed in the Andean region during the last decades. In Section 3, we describe our sources of information and the empirical approach used to uncover the effects of temperature variability on health at birth. In Section 4, we present our main results, different sensitivity and placebo checks to test the robustness of our results, and the analysis of some potential channels that might explain the results. The conclusions are presented in Section 5.
Background

Temperature and fetal health
Increased temperature levels can affect human health through different channels. The medical literature has distinguished at least five channels through which fetal health can be affected by temperature levels: (i) diseases which are related to changes in the temperature levels per se (i.e., respiratory diseases); (ii) exposure to extreme temperatures; (iii) transmission of infectious diseases that are caused by biological vectors; (iv) maternal mental illnesses; and (v) food insecurity resulting from negative agricultural shocks induced by higher temperatures (WHO, 2003; McMichael et al., 2007; NIEHS, 2010 ).
An increasing body of evidence documents that fetal health is negatively affected by in utero exposure to high temperature levels (Deschênes et al., 2009; Andalón et al., 2014) . Rainfall shocks (Pereda et al., 2014; Rabassa et al., 2014; Rocha and Soares, 2015) , natural disasters (Simeonova, 2011; Currie and Rosin-Slater, 2013) , and vector borne diseases (Barreca, 2010) , are all consequences of climate change and increasing temperature levels that have also been found to impair fetal health.
3 Yet, there is no evidence suggesting that exposure to high temperatures during pregnancy affects the health condition in adulthood (Agüero, 2014) . Temperature variability is defined as deviations of the temperature level relative to the long-term local temperature mean. Unlike an increasing temperature mean, this definition implies an increase in the variance of the distribution of temperature levels over time. The Third Assessment Report from the Intergovernmental Panel on Climate Change (IPCC) posits that increased temperature variability would increase the probability of observing both cold and hot weathers on a more regular basis.
As such, temperature variability reduces the ability organisms have to predict seasonal changes over time. This loss of ability can potentially modify biological patterns, reducing survival rates of some organisms and increasing those of others. For instance, plants are adapted to use temperature to tell the season and therefore to produce flowers or fruits. An increase in temperature variability implies that plants will experience cold and warm temperatures over relatively short periods of time and as a result they may produce flowers too early or too late, so there might be years in which certain crops cannot be harvested.
In recent years, ecologists have been exploring how temperature variability affects the survival rates and performance of different species. Recent experimental evidence suggest that increases in the variance of daily temperatures while keeping the average temperature constant reduces survival rates of 2 See, for example, Behrman and Rosenzweig (2004) , Black et al. (2007 ), Royer (2009 ), Oreopoulos et al. (2008 and more recently Figlio et al. (2014) , and Saldarriaga (2015) . Also related is the literature concerning the "fetal origins hypothesis" postulated by Barker (1995) and expanded in the economic literature by Osmani and Sen (2003) and Almond and Currie (2011) . 3 This literature relates to a more ample stream of research studying the effects of environmental conditions during pregnancy, such as maternal stress (Camacho, 2008; Mansour and Rees, 2012; Bozzoli and Quintana-Domeque, 2014) , food deprivation (Almond and Mazumder, 2011) , pollution (Chay and Greenstone, 2003; Currie et al., 2009) , amid other external conditions, on birth outcomes. invertebrate species (Vasseur et al., 2014) . 4 Yet, there is no evidence about the effects of temperature variability on human health.
Temperature variability in the Andean region
The weather information for the Andes over the period between 1950 and 2010 provides three specific facts on how the Andean region has been affected by climate change. First, there has been an increase in the regional average temperature. Second, this increase in the average hides important geographical differences, with some communities being severely affected. Lastly, there has been an increase in weather variability causing an intensification of extreme temperature anomalies. Fig. 1 summarizes these facts. It presents the distribution of municipalities according to temperature variability, measured in standard deviations relative to the reference period 1951-1980, observed during the decades of 1950s and 2000s. 5 Relative to the distribution of temperature anomalies observed during the 1950s, the 2000s distribution presents a higher temperature mean and variance. This change in the distribution of temperatures suggests that there has been an increase in the probability of observing hot waves in the Andean region in recent years.
To provide a more specific idea of the magnitude, the average temperature in Andean countries has increased by more than 0.5 C in the last fifty years. 6 However, this trend hides important differences that display across municipalities. Fig. 2 shows the average change in temperature between the decades 1950s and 2000s for the three countries. In general, most of the municipalities have shown an increase in temperature levels in the last half century, but some of them have experienced a more dramatic change over time, with average temperatures rising by more than one degree (when compared to the average global level of roughly 1 C). As for temperature variability, Fig. 3 shows the percentage of municipalities experiencing unusual temperatures (i.e., one standard deviation above or below the municipality's historical mean) across time. The figure shows a change in the pattern of temperature anomalies: prior to 1970 there was a balance in terms of cold and hot extreme events, with unusually cold events occurring more frequently. Yet, this trend was reversed over the last forty years with extreme anomalies occurring more frequently and often associated with hot rather than cold temperatures.
Together, these events imply significant challenges for inhabitants and policy-makers in the Andean region. Mitigation strategies are hard to implement given the unpredictability of extreme weather shocks brought about by increased temperature variability. The unpredictability of weather shocks also reduces the ability of inhabitants and governments to react. On the governmental side, for instance, the unpredictability of shocks reduces the capability to provide services in response to extreme weather events; a fact that amplifies the negative effects of climate change on human activity. (Matsuura and Willmott, 2009) . This dataset provides global geo-referenced (gridded) information of the air temperature on a monthly basis for the period between 1900 and 2010 at a resolution of 0.5 Â 0.5 (each degree corresponds to approximately 56 km at the equator). Monthly average temperatures for each temperature node, which we hereafter will simply call node, were interpolated using information from 20 nearby weather 5 The temperature variability (or anomaly) distribution "defines the frequency of occurrence of anomalies in units of the local standard deviation" (Hansen et al., 2012) . 6 A recent report estimates that an increase of one degree in the air temperature over normal levels can result in a between 2 and 5% increase in deaths caused by heat stress (WHO and WMO, 2012).
stations. Fig. 4 plots the distribution of the nodes as well as the municipality centroids on the geographic coordinate system, where the horizontal axis represents the longitude and the vertical axis represents the latitude of each point. For each municipality, we assign its corresponding monthly temperature based on the closest node to the municipality's centroid. Following the standard literature, we define temperature variability as the fluctuations in the air temperature from each municipality's historical average (Scherrer et al., 2005) . The indicator we use to define temperature variability is constructed based on each child's municipality of birth/residence and date of birth and is calculated using the following formula: . The DHS provides detailed information on indicators for neo-natal health including birth weight, size at birth, delivery method, amid other indicators for children aged less than five, and has an overall response rate of roughly 90%. Also, since the DHS Program is undertaken in several regions, almost all of the questions included in the questionnaires are similar across the three countries.
We restrict the sample to include only children whose mothers report having lived in the municipality for at least two years before the child's birth. This restriction ensures that the mothers are not temporal migrants and that we correctly assign each child with its corresponding average temperature while in utero. Because twinning is usually related with a lower weight at birth (Kramer, 1987) , we drop from the sample children born from multiple births; namely duplets, triplets, etc. We also exclude children whose weight at birth was observed to be below 500 g or above 6,500 g, as the medical literature points out that these values are considered to be out of the normal range for birth weight (Doubilet et al., 1997) . Finally, we exclude all children whose mothers were younger than 15 or older than 45 years, so that we ensure that all the children were born during the childbearing age of their mothers and the health condition at birth is not affected by mother's age (Kramer, 1987) .
We construct four indicators measuring fetal health. The first indicator is the birth weight, measured in grams. We also construct an indicator for low birth weight defined by the WHO as birth weight of less than 2,500 g (5.5 lb). We use information on the size at birth reported by the mothers to construct an indicator, "small at birth", for children whose mothers reported that they were small or very small at birth when compared to other babies. Finally, we construct an indicator for delivery via C-section, as this surgical procedure has been commonly associated with complications during pregnancy. Table 1 provides summary statistics of the sample used for the empirical analysis. The sample contains information on 86,021 children born up to the year 2010. The average child in the sample was born weighing 3,257 g and 7% of these children were born with low birth weight. Also, 6% of the children were observed to be small at birth relative to other newborns, as reported by their mothers. Roughly 17% of the children were born via C-section. The average child in our sample was exposed to a temperature level of 19 C while in utero, with a corresponding temperature variability of 0.11 standard deviations relative to the municipality's historical mean. predicted temperature variability level had the child been born in the same month and municipality during the period 2020-2040. 7 Temperature variability during pregnancy was observed to be within the range [À0.5s, 0.5s] for roughly 70% of children in the sample. Estimates of future temperatures based on the CCSM3-A2 model show that, assuming the same geographical and seasonal distribution of births as well as a constant natality rate, 60% of these children will be exposed to unusual temperature levels during pregnancy in the upcoming decades; the majority of them experiencing temperatures above 1.5 standard deviations relative to the reference period.
Finally, we explore whether mother's and birth's observable characteristics are predictive of temperature variability during pregnancy. To this end, we perform a linear regression with the dependent variable being the temperature variability observed during pregnancy and the covariates being a range of observed mother's/birth's characteristics. We also include municipality-by- month-of-birth fixed effects and a node-specific linear time trend as additional controls in the regressions. The results are presented in Table 2 . None of the estimated coefficients are statistically significant. Jointly, these 11 variables are not predictive of temperature variability during pregnancy, providing evidence that the indicator for temperature variability is not determined by observables once we account for local seasonal characteristics.
Empirical strategy
Inter-annual variation in the temperature within a given municipality and month of the year constitutes the basis of our empirical approach. In practice, we compare children who were born in the same municipality and month, but in different years, so that all factors that equally affect the health of the fetuses whose pregnancies were observed to happen within the same geographic unit and season of the year can be purged. Our empirical strategy considers that, although residents of a given municipality can learn about typical weather conditions during a particular time of the year, they cannot anticipate year-to-year variations in the weather.
With information for child i born in municipality m in year y and month t, we estimate linear regressions of the form:
where h imyt is the birth outcome, SD before birth) and third (months 0-2 before birth) trimesters of pregnancy, X imyt is a vector of child and maternal characteristics, I y are year-of-birth fixed effects and Trend ny is a node-specific linear time trend. 8 The term e imyt is an error term capturing all other omitted factors. We include municipality-by-month-of-birth fixed effects, I mt , in the regressions to account for all observed and unobserved factors equally affecting a given municipality in a particular season ( month of the year.
9 By including municipality-by-month-of-birth fixed effects, we also ensure that the municipality's seasonal mean temperature is kept constant. Thus, we capture the effects of changes in the variance while keeping the (long-term) average temperature within the municipality and month of the year unchanged.
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Eq.
(1) provides estimates of the effect of temperature variability on birth outcomes. This specification assumes a linear relationship between the temperature variability and fetal health. Yet, we are also interested in determining whether health at birth is equally affected by fluctuations above or below the long-term local temperature mean.
To test whether birth outcomes are also affected by negative fluctuations in the temperature, we construct five indicators based on the number of standard deviations from the municipality's historical mean. These indicators are constructed according to the following categories: < À1.5s; [À1.5s, À0.5s); [À0.5s, 0.5s]; (0.5s, 1.5s]; > 1.5s. This way we allow for a more flexible specification exploiting all the available variations in the data and at the same time we deal with potential non-linearities in the effect of temperature variability on birth outcomes.
We perform regressions based on the following equation: are the corresponding temperature variability bins for the second and third trimester of pregnancy respectively, e imyt is an error term, and the rest of the variables are defined the same as they were in Eq. (1). Estimates for u 1;g , u 2;g and u 3;g should be interpreted relative to the base category 3: the temperature variability bin corresponding to the range [À0.5s, 0.5s].
A final note relates to the way we estimate standard errors. Since our source of variation comes from different nodes, we report the standard errors clustered at two different levels: the municipality and the node. This way, we allow for an arbitrary correlation of the error terms of children within the same municipality or node (recall that more than one municipality in the sample can have the same node) over time. Our results are also robust when clustering the standard errors at the municipality-byyear-of-birth and node-by-year-of-birth level (not shown). Table 3 presents the main results of the effects of temperature variability on birth weight measured in grams (column 1), the indicator for low birth weight (column 2), the indicator for being small at birth relative to other babies (column 3), and the indicator for delivery via C-section (column 4) based on estimations following Eq. (1). Panel A of the table presents the results when temperature variability is measured based on the average of the Colombia (1990 , 1995 , 2000 , 2005 ), and Peru (1992 , 1996 , 2000 , 2008 , 2009 , 2010 , 2011 and from the Terrestrial Air Temperature: 1900-2010 Gridded Monthly Time Series Version 3.01 (Matsuura and Willmott, 2009 ).
Results
Main results
8 Ideally, we would like to identify the trimester of pregnancy counting forward from the day of conception. Unfortunately the DHS does not provide information about the time of the mother's last menstruation before the child's birth, nor whether the child was born prematurely. Therefore, we are unable to calculate the length of pregnancy. We calculate the trimester of pregnancy counting backwards from the child's date of birth, assuming that all pregnancies lasted 9 months (around 38 weeks). In Section 4, we test whether the results are sensitive to variations in the pregnancy length by changing the duration of pregnancies to 7 and 8 months.
9 Municipality-by-month-of-birth fixed effects also allows to control for (timeinvariant) heterogeneity across municipalities such as altitude, which has been found to negatively affect fetal health (Wehby et al., 2010) . 10 A potential caveat in our identification strategy is that weather shocks can alter the pool of women who conceive in a particular season of the year and thus affect birth outcomes. Recent work based in developed countries has shown that local weather events can determine the timing of conception, affecting fertility rates in the succeeding months. This can happen either because of biological reasons or parental preferences (Barreca et al., 2015) or because of a forward-looking parental behavior regarding the optimal timing of birth (Clarke et al., 2016) . In sections A and B of the Online Appendix we perform a rigorous analysis to test for fertility changes in response to local weather events. We find no association between weather events and fertility in our sample. nine months before the child's birth (whole pregnancy period). In Panel B, the effects of temperature variability on birth outcomes are divided by gestational period (trimester of pregnancy).
The results indicate that exposure to a temperate one standard deviation relative to the municipality's historical temperature mean reduces birth weight by 19.7 g. Similarly, each standard deviation above the historical local temperature mean increases the probability a child is born with low birth weight by a 0.7 percentage point. This figure corresponds to an increase of roughly 10% from a baseline prevalence of 7% of low birth weight in the region. We also find that changing climate variability increases the probability of being small when compared to other newborns by a 0.9 percentage point (or 15% from a baseline of 6%). We do not find statistically significant effects for delivery via C-section procedure.
In Online Appendix Tables C.1-C.3, we replicate the regressions presented in Table 3 , but using a different reference period for calculating temperature variability. In Online Appendix Table C .1, we calculate temperature variability by using the average temperature and standard deviations from the period 1951-1980, as this period is commonly used by the World Meteorological Organization for obtaining climate statistics. In Online Appendix Table C .2, we use the reference period 1980-2010 to calculate temperature variability as all children in our sample were born during this time period. In Online Appendix Table C .3, we calculate temperature variability by using the average temperature and standard deviations from the 10 years before the child's date of birth. Results remain unchanged when changing the reference period.
When dividing the effects according to gestational period, the results indicate that the effect of temperature variability on birth weight is concentrated during the 6-8 months before birth, corresponding to the first trimester of pregnancy or the embryonic period. In particular, a one standard deviation increase in the temperature relative to the local long-term mean during months 6-8 before birth reduces birth weight by 16.5 g (roughly 84% of the overall effect). We do not find statistically significant effects in a particular trimester of pregnancy for the remaining outcomes. Taken together, the results suggest that the effects of temperature variability on birth outcomes may not be driven by the effects in a particular gestational period, but are likely to represent the overall temperature variability experienced during the full gestational period.
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Next, we consider how the estimates vary according to different segments of the temperature variability distribution. The resulting coefficients for birth weight measured in grams based on Eq. (2) are presented in Table 4. 12 Column 1 presents estimates of the effect of temperature variability on birth weight for months 6-8 before birth (first trimester of pregnancy) while columns 2 and 3 do the same for months 3-5 and months 0-2 before birth, corresponding to the second and third trimesters of pregnancy Table 3 Effects of temperature variability on birth outcomes (reference period: 1950-2010 1991-1995, 1996-2000, 2001-2005, 2006+ ; base: born in 1990 or before), indicators for child's birth order (2, 3, 4, 5+; base: firstborn), an indicator for birth weight information recorded from the birth certificate, indicators for mother's year of birth (1951-1955, 1956-1960, 1961-1965, 1966-1970, 1971-1975, 1976-1980, 1981-1985, 1986-1990, 1991-1995 , indicators for mother's educational attainment (incomplete primary, primary, incomplete secondary, high school diploma, some college or more education; base: no education), and an indicator for living in urban areas as control variables. Sampling weights provided by the DHS are used in all regressions. The sample used for the regressions include children born up to year 2010, born from single pregnancies (non-twins), ages 0-59 months, whose weight at birth was between 500 and 6,500 g, whose mothers were between 15 and 45 years (childbearing age) at the time of child's birth, and whose mothers reported having been living in the municipality since at least two years before child's birth. The data used for the regressions come from the Demographic and Health Surveys (DHS) of Bolivia (2003, and 2008) , Colombia (1990 , 1995 , 2000 , 2005 ), and Peru (1992 , 1996 , 2000 , 2008 , 2009 , 2010 , 2011 and from the Terrestrial Air Temperature: 1900-2010 Gridded Monthly Time Series Version 3.01 (Matsuura and Willmott, 2009 ). 11 We do not discard the possibility of attenuation bias due to measurement error when constructing the temperature variability by gestational period. We interpret our results as being a lower bound (in absolute terms) of the effects of temperature variability in each trimester of pregnancy on birth outcomes, as the recent literature suggests (Currie and Rossin-Slater, 2013) . 12 Results for the remaining outcomes are not presented but are available upon request.
respectively. In column 4, we present the estimates related to the effect of temperature variability during the full gestational period on birth weight.
The results indicate that a temperature variability level of 1.5 standard deviations above the historical local temperature during the first trimester of pregnancy reduces birth weight by 42.5 g relative to the normal range of temperature variability. We do not find statistically significant effects for temperature variability levels below the historical local mean. Also, no statistically significant effects are found for months 0-5 before birth in any of the temperature variability bins. The results of the effects of temperature variability during the nine months before birth (whole pregnancy period) on birth weight indicate that birth weight is more affected when the distributional changes in the temperature levels are positive rather than negative. In particular, birth weight is reduced by 20.2 g when the temperature variability level during pregnancy was in the (0.5s-1.5s] range and is reduced by 67.4 g when the temperature variability level during pregnancy was observed to be above 1.5s relative to the municipality's historical mean.
Alternatively, we estimate the effect of temperature variability during pregnancy on birth outcomes based on a maternal fixed effects approach. In practice, what we do is compare birth outcomes of siblings who were born in different years (and potentially, different seasons of the year) and thus were exposed to a different temperature variability during their corresponding pregnancies. By comparing siblings we remove all observed and unobserved variation that is constant across children born to the same mother from the error term, including maternal characteristics that are constant over time.
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Our results, shown in Table 5 , indicate that exposure to a temperate one standard deviation relative to the municipality's historical temperature mean during pregnancy reduces birth weight by 27.6 g. Yet, we do not find statistically significant effects Table 2 for details on other controls included in the regressions and additional sample restrictions. Sampling weights provided by the DHS are used in all regressions. The data used for the regressions come from the Demographic and Health Surveys (DHS) of Bolivia (2003, and 2008) , Colombia (1990 , 1995 , 2000 , 2005 ), and Peru (1992 , 1996 , 2000 , 2008 , 2009 , 2010 , 2011 and from the Terrestrial Air Temperature: 1900-2010 Gridded Monthly Time Series Version 3.01 (Matsuura and Willmott, 2009 ).
Table 5
Effects of temperature variability on birth outcomes (Maternal Fixed Effects).
(1) (2) (3) (4) Notes: ***, ** and * indicate statistical significance at the 0.01, 0.05 and 0.10 levels respectively. The table shows estimates of coefficients associated with the impact of temperature variability on birth weight from estimating regressions based on a maternal fixed effects approach. The dependent variable of each regression is listed at the top of each column. Clustered standard errors at the municipality level are shown in parentheses. Clustered standard errors at the node level are shown in brackets. All regressions include a node-specific linear time trend, an indicator for child's sex, indicators for the child's year of birth, indicators for the child's season of birth (quarter of birth), indicators for the child's birth order, indicators for the mother's age at the time of child's birth, and an indicator for birth weight information recorded from the birth certificate as control variables. Sampling weights provided by the DHS are used in all regressions. The data used for the regressions come from the Demographic and Health Surveys (DHS) of Bolivia (2003, and 2008) , Colombia (1990 , 1995 , 2000 , 2005 ), and Peru (1992 , 1996 , 2000 , 2008 , 2009 , 2010 , 2011 and from the Terrestrial Air Temperature: 1900-2010 Gridded Monthly Time Series Version 3.01 (Matsuura and Willmott, 2009) . 13 In particular, unobserved maternal biological characteristics such as the ability to get pregnant or unobserved maternal (time-invariant) preferences for giving birth in a particular season of the year that can potentially determine birth outcomes if not properly controlled for, can be removed from the error term.
of temperature variability during pregnancy on the remaining birth outcomes (low birth weight, small at birth, C-section). However, reduced sample size might explain the lack of statistically significant effects when estimating regressions based on a maternal fixed effects approach. Because we restrict the sample to include siblings only, our sample size drops from 86,021 to 20,109 (losing more than 75% of our most comprehensive sample). To present evidence that reduced sample size may be affecting our results, in Fig. 6 we plot estimates, along with their 95% confidence intervals, of the effect of temperature variability during pregnancy on birth weight for different sub-samples of the sample of siblings.
14 The point estimates remain stable across the different sub-samples and the 95% confidence intervals become smaller as we progressively increase the number of observations. These results provide evidence that the lack of statistical significance in our estimates from a maternal fixed effects approach is a matter of sample size. Unfortunately, we cannot add additional observations to our estimation sample, since we only observe information of temperature levels up to year 2010.
Robustness checks
We conduct a series of sensitivity and placebo tests to verify the robustness of our results. In Panel A of Table 6 , we present the results after controlling for rainfall during pregnancy. Because temperature and precipitation are intrinsically related, we include precipitation as an additional control variable in order to discard any possibility that the results are driven by rainfall rather than temperature variability.
The estimated coefficients are not sensitive to the inclusion of rainfall as a control in the regressions. If anything, we find that the effect of temperature variability is larger (in absolute terms) than the baseline results showed in Table 3 . Birth weight is reduced by 21.7 g and the probability of being born with low birth weight and being small at birth when compared to other newborns increase by a 0.8 and a 0.9 percentage point respectively when temperature variability during pregnancy increases by one standard deviation relative to the historical local temperature mean, after controlling for rainfall. We also find that the negative effect of an increased temperature variability on birth weight is mainly driven by exposure to a higher temperature variability during the first trimester of pregnancy (roughly 75% of the overall result).
In Panel B of Table 6 we perform the sensitivity analysis for migration status. Migration status is important since pregnant women can move across locations as a result of the weather conditions. If this were the case, then the temperature level assigned to children born to migrant mothers might be incorrect. We define non-migrant mothers as those who have always lived in the current municipality of residence. The results remain unchanged when varying the sample accordingly.
We also check for whether our results are robust when varying the duration of the pregnancy. In Table 7 we report the results when changing the duration of pregnancy to eight months. In Online Appendix Table C.4 we perform the same exercise and shorten the duration of pregnancy to seven months. We find that the estimated coefficients associated with temperature variability during the full pregnancy period (Panel A) do not change when adjusting the length of pregnancy. When dividing the effects by gestational period (Panel B), we find that exposure to an increased . Notes: The figure shows estimates of the effect of temperature variability on birth weight from estimating regressions based on a maternal fixed effects approach of the form:
where the subscripts indicate observations for child i born in family f in year y and month t. Each point in the graph corresponds to a different estimate of the coefficient (and its corresponding 95% confidence interval) obtained by restricting the sample to include children born between 1985 and the year specified in the horizontal axis. Standard errors are clustered at the municipality level in all regressions. All regressions include a node-specific linear time trend, an indicator for child's sex, indicators for the child's year of birth, indicators for the child's season of birth (quarter of birth), indicators for the child's birth order, indicators for the mother's age at the time of child's birth, and an indicator for birth weight information recorded from the birth certificate as control variables. Sampling weights provided by the DHS are used in all regressions. Source: Authors' own calculations based on the Demographic and Health Surveys (DHS) of Bolivia (2003, and 2008) , Colombia (1990 , 1995 , 2000 , 2005 ), and Peru (1992 , 1996 , 2000 , 2008 , 2009 , 2010 , 2011 and from the Terrestrial Air Temperature: 1900-2010 Gridded Monthly Time Series Version 3.01 (Matsuura and Willmott, 2009 ).
14 Each point in the graph corresponds to the point estimate resulting from adding to the estimation sample children born in a particular year. That is, we begin by restricting the sample to include children born between 1985 and 2000 (the corresponding estimate for the 2000 point in the horizontal axis) and then we subsequently add children born in year 2001 up to year 2010 in the estimation sample.
temperature variability level during the 6-7 months (see Table 6 ) before birth reduces birth weight by 17.7 g and exposure to an increased temperature variability during the 6 months (see Online Appendix Table C.4) before birth reduces birth weight by 14.1 g. We do not find statistically significant effects in a particular trimester of pregnancy for the rest of the outcomes.
Lastly, we perform placebo tests to check for whether the results are being driven by channels other than the temperature variability during pregnancy. In Table 8 , we present the results for temperature variability during the whole pregnancy period on birth outcomes when temperature variability during months 12-23 before the child's birth and during months 1-12 after the child's birth are included as additional controls. The effect of temperature variability during pregnancy on fetal health remains unchanged even after controlling for temperature variability before conception and after birth. Moreover, we do not find statistically significant effects of temperature variability before or after pregnancy on birth outcomes. These results suggest that fetal health is only affected by temperature variability during the time in utero and not by other factors potentially related to climate variability.
Channels
We explore potential channels through which temperature variability can affect fetal health. We consider two channels: food insecurity and health care during pregnancy. Temperature variability can affect agricultural yields and decrease the stock of food (Cline 1996; Deschênes and Greenstone, 2007; McMichael et al., 2007) , affecting maternal nutrition and therefore fetal health (Almond and Mazumder, 2011; Hernández-Julián et al., 2014) . Also, extreme weather events caused by increased temperature variability can destroy roads and isolate populations, restricting the access to health facilities.
To measure the effect of food insecurity on fetal health, we construct indicators measuring the cultivated land as a percentage of the total area in the municipality during the 2000s. 15 We then perform regressions including the interaction term between the indicator for temperature variability and the indicators for the municipality's exposure to agricultural activities in regressions following Eq. (1). In the interest of brevity, we present the results for the whole pregnancy period in Table 9 . Estimated coefficients associated to the interaction terms are negative and statistically significant for the regressions of low birth weight (see column 2 in Table 9 ). Moreover, these coefficients increase (in absolute terms) with the percentage of land used for agriculture, indicating that the effect of temperature variability is lower when the municipality is more exposed to agricultural activities. A potential interpretation for this result is that food producers re-allocate their products for self-consumption after observing an increase in temperature variability. This re-allocation of food production would mitigate the negative effects of temperature variability on the nutrition of pregnant women in municipalities with higher levels of agricultural activity.
Finally, we explore whether increased temperature variability can lead to changes in health care during pregnancy. In Table 10 , we show the results of exposure to temperature variability while in utero on the number of prenatal check-ups (column 1), Table 2 for details on other controls included in the regressions and additional sample restrictions. Sampling weights provided by the DHS are used in all regressions. The data used for the regressions come from the Demographic and Health Surveys (DHS) of Bolivia (2003, and 2008) , Colombia (1990 , 1995 , 2000 , 2005 ), and Peru (1992 , 1996 , 2000 , 2008 , 2009 , 2010 , 2011 institutional delivery (column 2), and medical assistance at childbirth (column 3). 16 Results indicate that a temperate one standard deviation relative to the historical local temperature mean reduces the probability of medical assistance at childbirth by a 0.9 percentage point. Yet, we do not find statistically significant effects for prenatal check-ups, nor for institutional delivery.
Final remarks
The discussion on the effects of climate change on human activity has primarily focused on how increased temperatures can impair human health. Yet, less attention has been paid to the Table See the notes on Table 2 for details on other controls included in the regressions and additional sample restrictions. Sampling weights provided by the DHS are used in all regressions. The data used for the regressions come from the Demographic and Health Surveys (DHS) of Bolivia (2003, and 2008) , Colombia (1990 , 1995 , 2000 , 2005 ), and Peru (1992 , 1996 , 2000 , 2008 , 2009 , 2010 , 2011 Table 2 because children born in year 2010 are not included in the regressions as we do not observe information for temperatures on the months 1-12 after birth for these children. See the notes on Table 2 for details on other controls included in the regressions and additional sample restrictions. Sampling weights provided by the DHS are used in all regressions. The data used for the regressions come from the Demographic and Health Surveys (DHS) of Bolivia (2003, and 2008) , Colombia (1990 , 1995 , 2000 , 2005 ), and Peru (1992 , 1996 , 2000 , 2008 , 2009 , 2010 , 2011 and from the Terrestrial Air Temperature: 1900-2010 Gridded Monthly Time Series Version 3.01 (Matsuura and Willmott, 2009) . 16 Institutional delivery is an indicator taking the value of 1 if the child was born in a public managed hospital, public or private managed health care centers, hospitals belonging to NGOs or religious organizations, or medical posts, and 0 in any other case. Specialized medical assistance is an indicator taking the value of 1 if delivery was assisted by a physician, obstetrician, or trained nurse and 0 in any other case.
impact of mean-preserving distributional changes of climate over time. This research sheds light on the adverse effects of temperature variability on health conditions of newborns. We employed information on historical geo-referenced monthly temperatures and health conditions at birth to explore how in utero exposure to temperature variability affects birth outcomes in the Andean Region À a region predicted to be one of the most affected by climate change in the future. Our empirical strategy exploits inter-annual variation in temperature levels within municipalities and season of the year, considering that these variations are mainly unpredicted.
Our results indicate that a one standard deviation increase in the long-term local temperature mean reduces birth weight by 20 g and increases the probability a baby is born with low birth weight by a 0.7 percentage point. These results are mainly driven by an increased temperature variability observed during the first trimester of pregnancy. In particular, we find that a 1.5 standard deviation above the historical local temperature mean during months 6-8 before birth reduces birth weight by 42.5 g. Our estimates are also similar when using a maternal fixed effect approach. In such case, we find that one standard deviation increase reduces birth weight by 27.6 g. Yet, we do not find statistically significant effects on the remaining birth outcomes using this approach (i.e., low birth weight, small at birth, Csection). We argue that this lack of statistically significant results can be explained by a considerable reduction in the sample size when restricting the sample to include siblings only.
We find some evidence that these results can be explained by food insecurity and health care during pregnancy that arise due to increased temperature variability. Our findings are robust to the performance of different sensitivity analysis and falsification tests. We argue that these results are more likely to mirror the actual effects of climate change on birth outcomes, since the use of adaptation technologies is not widespread in developing countries. Indicators for exposure to agricultural activities are constructed based on the cultivated land in the municipality during the 2000s (as a percentage of the municipality's total area). The base category for the percentage land used for agriculture is 0% (no land used for agricultural activities). Additional features of each specification are described within the Table See the notes on Table 2 for details on other controls included in the regressions and additional sample restrictions. Sampling weights provided by the DHS are used in all regressions. The data used for the regressions come from the Demographic and Health Surveys (DHS) of Bolivia (2003, and 2008) , Colombia (1990 , 1995 , 2000 , 2005 ), and Peru (1992 , 1996 , 2000 , 2008 , 2009 , 2010 , 2011 , from the Terrestrial Air Temperature: 1900-2010 Gridded Monthly Time Series Version 3.01 (Matsuura and Willmott, 2009) , and from the FAO Harmonized World Soil Database V1.2.
Table 10
Channels: Health care during pregnancy.
(1) (2) Notes: ***, **, and * indicate statistical significance at the 0.01, 0.05, and 0.10 levels respectively. Each entry in the table comes from a different regression based on Eq. (1). Clustered standard errors at the municipality level are reported in parentheses. Clustered standard errors at the node level are reported in brackets. The indicator for temperature variability is defined as the number of standard deviations relative to the municipality's historical mean (average temperature for the period 1950-2010). The sample size in column 1 is smaller than the sample size in other columns because the number of pre-natal checkups is only available for the lastborn child in the DHS datasets. See the notes on Table 2 for details on other controls included in the regressions and additional sample restrictions. Sampling weights provided by the DHS are used in all regressions. The data used for the regressions come from the Demographic and Health Surveys (DHS) of Bolivia (2003, and 2008) , Colombia (1990 , 1995 , 2000 , 2005 ), and Peru (1992 , 1996 , 2000 , 2008 , 2009 , 2010 , 2011 and from the Terrestrial Air Temperature: 1900-2010 Gridded Monthly Time Series Version 3.01 (Matsuura and Willmott, 2009 ).
